found two very surprising results. First, VegT-depleted embryos did not form endoderm, and there was a concomitant vegetal shift in the fate map such that mesoderm formed mainly from the vegetal pole, and ectoderm formed from equatorial and vegetal cells (Figure 2 ). This is strikingly similar to what happens when TGF-␤ signaling is blocked in Xenopus embryos with a truncated TGF-␤ receptor; mesoderm is lost from the equator and the vegetal pole develops as mesoderm and ectoderm, not as endoderm (Hemmati-Brivanlou and Melton, 1992;  inducing signal, although very weak induction of the mesodermal marker Xbra was still observed. However, and endoderm development (Joseph and Melton, 1998) VegT-depleted animal caps could still be induced to suggests that this may not be the case. form mesoderm by untreated vegetal tissue, demonstrat-
The Role of VegT in Early Patterning ing that VegT is essential for the release of the mesoIt is difficult to arrive at a satisfactory model that reconderm-inducing signal but is not required to receive it. ciles all of the recent results with the large collection of When Is Mesoderm Induced?
previous observations. The simplest model is that VegT The idea that VegT activates the mesoderm-inducing protein has a graded distribution and activates a morsignaling at the mid-blastula stage is hard to reconcile phogenetic gradient of TGF-␤ signaling (Figure 8 , model with the demonstration that mesoderm can be induced 3 in Zhang et al., 1998) . In support of this, ectopic expresat the 32-cell stage (Jones and Woodland, 1987) . One sion of VegT in animal caps induces mesoderm and possibility is that mesoderm induction is biphasic, conendoderm, with endoderm induced at higher doses of sisting of a weak maternal signal and a strong VegTVegT (Horb and Thomsen, 1997) . Although this model dependent signal activated at the mid-blastula stage.
is very seductive for developmental biologists reared on This is consistent with a previous report that the major the gradient models of Wolpert (1969), increasing levels mesoderm-inducing signal was released at the onset of of TGF-␤ signaling do not induce endodermal genes transcription, but that a much less effective signal was separately from mesodermal genes (Henry et al., 1996) . present earlier (Wylie et al., 1996) . A major challenge Moreover, analysis of TGF-␤ signaling in vivo using a now lies in identifying the targets of the maternal VegT TGF-␤-responsive promoter to drive expression of a reprotein. VegT might activate the transcription of a seporter gene did not reveal any evidence for a TGF-␤ creted factor that either supersedes the maternal signal, gradient (Watabe et al., 1995) . Finally, while nothing is or acts synergistically with it. Alternatively, VegT might yet known about the distribution of the VegT protein, activate the transcription of a protein involved in the the mRNA appears to be uniformly distributed. processing or release of a maternal signal. While it might Our favored interpretation is a variant of model 1 as be tempting to speculate that VegT activates the proproposed by Zhang et al. (1998: Figure 8) , as follows. cessing of the Vg1 preprotein, the experimental evi-
The vegetal pole of the egg contains a weak mesoderminducing signal of unknown identity, as well as VegT dence that Vg1 is only involved in dorsal mesoderm mRNA. At the onset of transcription, the maternal VegT mesoderm and endoderm induction appear to be unaffected by the loss of spadetail function, raising the possipromotes endodermal fate and activates high levels of bility that the initial events in mesoderm and endoderm TGF-␤ signaling; these two effects may be related (Fig- induction in Xenopus are not conserved in other verteure 3). The high levels of TGF-␤ signaling act as a strong
brates. An alternative possibility is that the partial gemesoderm-inducing signal and induce mesoderm in nome duplication that occurred during the evolution of overlying prospective ectoderm at the equator of the fish resulted in two VegT-like genes, spadetail and an embryo, establishing the three germ layers of the emas yet unidentified T-box gene, which then became subbryo. In the absence of VegT, the low-level maternal specialized with respect to the maternal and zygotic signal induces mesoderm in the vegetal pole and only functions of VegT. The resolution of this issue will proweakly at the equator ( Figure 3) ; this is the signal devide important insights into the basic mechanisms drivtected in earlier experiments (Jones and Woodland, ing germ layer specification in vertebrate embryos. 1987; Wylie et al., 1996) . Consistent with this, Zhang et al. (1998) VegT-depleted vegetal tissue. Development 125, [3379] [3380] [3381] [3382] [3383] [3384] [3385] [3386] [3387] [3388] The work of Zhang et al. (1998) opens up as many expression in the mesoderm? Recent studies of the VegT ortholog in zebrafish indicate that the zygotic expression of VegT is likely to have as critical a role in regulating mesodermal and endodermal patterning and morphogenesis as its maternal expression has in mesoderm and endoderm formation.
The zebrafish ortholog of VegT was recently identified and shown to be the spadetail gene (Griffin et al., 1998) . The description of the spadetail mutant phenotype revealed unexpected complexity in the control of trunk and tail formation in zebrafish, reminiscent of the gap gene phenotypes in Drosophila. Spadetail mutant embryos have a profound deficit in mesodermal and endodermal derivatives that is restricted to the trunk region, whereas tail and notochord development are relatively normal (Kimmel et al., 1989) . In addition, morphogenesis of prospective trunk mesodermal cells is deranged such that these cells end up in a disorganized mass at the tip of the tail (Ho and Kane, 1990) . Thus, spadetail plays a critical role in controlling both the fate and morphogenesis of mesoderm and endoderm in the zebrafish trunk.
Although spadetail expression is very similar to the zygotic expression of VegT, a significant difference is that spadetail is not expressed maternally. Furthermore,
